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Isolation and analysis of cyanobacterial DNA
Abstract
Cyanobacteria are a phylum of bacteria that possess a diverse number of biological characteristics. One
of the evolutionary innovations of the cyanobacteria are its ability to perform oxygenating photosynthesis,
which all cyanobacteria are able to perform. It is believed that a form of metabolism became the
dominant method for producting fixed carbon from carbon dioxide (CO2) at around 3.5 billion years ago.
Instead of using hydrogen sulfide, whose generated waste products were difficult to eliminate, the
photosynthetic cyanobacteria used water as their hydrogen source (1). Many cyanobacteria are also
capable of fixing atmospheric nitrogen (2). Cyanobacteria are present in many habitats, ranging from hot
springs to fresh water lakes. Cyanobacteria are sometimes also referred to as blue-green algae, but unlike
their name suggests, are rarely truly blue-green or green in color. Although they contain green chlorophyll,
blue-green algae are often blue-black or black in color. They are capable of producing every possible color
except for green (1).
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Introduction
Cyanobacteria are a phylum of bacteria that possess a diverse number of
biological characteristics. One of the evolutionary innovations of the cyanobacteria are
its ability to perform oxygenating photosynthesis, which all cyanobacteria are able to
perform. It is believed that a form of metabolism became the dominant method for
producting fixed carbon from carbon dioxide (CO2) at around 3.5 billion years ago.
Instead of using hydrogen sulfide, whose generated waste products were difficult to
eliminate, the photosynthetic cyanobacteria used water as their hydrogen source (1).
Many cyanobacteria are also capable of fixing atmospheric nitrogen (2). Cyanobacteria
are present in many habitats, ranging from hot springs to fresh water lakes.
Cyanobacteria are sometimes also referred to as blue-green algae, but unlike their name
suggests, are rarely truly blue-green or green in color. Although they contain green
chlorophyll, blue-green algae are often blue-black or black in color. They are capable of
producing every possible color except for green (1). A picture of a cyanobacterial bloom
is shown in Fig. 1.

Fig. 1: Cyanobacterial Bloom (3)
To date, approximately 2000 species of cyanobacteria have been identified, some
of which produce neurotoxins, hepatotoxins, cytotoxins and endotoxins, which can
contaminate bodies of water (4). These lakes, oceans and multiple other environments
are used to supply drinking water or for recreational activity. Contamination with
cyanotoxins could provide a great risk to public health. The risks include respiratory
difficulties, and blood and organ toxicity. This is an increasing problem especially in the
Great Lakes.
The scope and importance of this problem is enhanced by the fact that the
monitoring of cyanotoxins has been made difficult due to toxin production and
inadequate sampling. Most samples that are monitored for the presence of toxins in
cyanobacteria are taken every ten days or so, but data provides evidence that
cyanobacterial blooms can appear and disappear in less than one week (5). It is useful to
try and identify potentially harmful toxins in the water. In order to determine whether or

not these toxins exist in the field, a method was developed to distinguish microcystin
synthetase mcy gene clusters. These clusters consist of two systems: one, the
nonribosomal peptide synthetase which includes the genes mcyA, mcyB and mcyC; and
peptide synthase, a system that includes genes mcyD, mcyE and mcyG. The mcyB and
mcyD genes are also known as the toxin biosynthesis genes. The subject of the present
study involves the characterization of these two genes in cyanobacteria found in Ford
Lake and in control strains of cyanobacteria. The organization of the microcystin
synthetase (mcy) gene cluster based on Tillet et al. (6) is shown in Fig. 2.

Fig. 2: MCY Genes of Microcystis (6)
Microcystis is the world’s most abundant toxic cyanobacterial genus. A majority
of these produce the microcystis toxin. The six aforementioned genes were characterized
from amplicons obtained using specific primers. These primers were suitable for a
multiplex PCR assay with both cultured cells and samples collected from the
environment, (6). This researched concentrated on using the primers for the
amplification of the mcyB and mcyD genes.
The Great Lakes, consisting of five lakes: Erie, Huron, Michigan, Ontario and
Superior account for seventeen percent of the world’s available freshwater. In recent
years, another problem that has been facing these bodies of water was the increasing
presence of zebra mussels. Their presence has also been linked to the problem addressed

in this research. The psuedofeces of selectively feeding zebra mussels have been shown
to expel the microcystis toxin, thus increasing the amount present in the Great Lakes.
Microcystis exerts its toxic effects by inhibiting certain protein phosphatases (7). A
photograph of the toxin producing microcystis is shown in Fig. 3.

Fig. 3: Microscopic View of Microcystis – A Toxic Cyanobacterium (8)

One way to determine whether toxin-producing cyanobacteria known as
Microcystis are present in water samples is to extract DNA from samples, and to amplify
the DNA by the polymerase chain reaction (PCR) with oligonucleotide primers specific
to genes that are characteristic for toxic organisms (2,5). These primers are
complimentary to specific portions of the genes of interest and serve as starting points for
DNA replication (7).
Gel electrophoresis and staining can then be used to separate and visualize the
PCR products. Unfortunately, the extraction of DNA from cyanobacteria in large
amounts and of high quality has proven difficult due to the structure and products of

these bacteria. Many cyanobacteria produce polysaccharides that not only make it
difficult to lyse the cell, but also interfere with the purification of nucleic acids. These
cyanobacteria also contain pigments of photosynthesis that can inhibit enzymatic
reactions, including those used in PCR.
In prior semesters, in order to extract DNA from the bacteria, a method based on
the lysis of cyanobacterial cells by xanthogenate was used (2, 5). Potassium ethyl
xanthogenate can disrupt plant cell walls, and, in the presence of amine groups,
selectively precipitate DNA. The xanthogenates also prevent DNA degradation through
inhibiting the activity of particular enzymes. This method was initially used because it
did not involve the use of toxic organics, enzymatic digestions, or complex extractions.
It was a safe, rapid and efficient method of extracting DNA from cyanobacteria.
However, it proved unreliable to the point where it no longer worked to give DNA of
sufficient quality for use in the polymerase chain reaction. Thus, a new method was
needed.
This research project focused on a new method of DNA extraction using a
commercially available agent DNAzol ES. DNA is first extracted in the presence of the
reagent from cells using heat, chloroform and ethanol. Chloroform is used to remove
pigments and soluble plant debris, whereas ethanol is used to further precipitate the
DNA. The second part employs the Qiagen Plant Kit, which involves the addition of a
number of buffers to precipitate detergent, proteins and polysaccharides from the solution
produced in the first portion. The remaining solution is applied to a spin column and the
DNA is eluted.

This project involved DNA purification from control samples of cyanobacteria
(LB2386 and B2663), one of which (B2663) possesses genes that code for proteins
involved in synthesis of the toxic microcystin peptide, and from samples of cyanobacteria
obtained from Ford Lake. The Ford Lake samples were collected in August of 2006 and
2008. Although the method takes time, it is the goal of this research to be able to produce
better quality results and yield more DNA than from previous methods.
Methods
The procedure used in this series of experiments evolved with the results and
conclusions drawn with each test performed. The procedure followed in the beginning,
and the one to which modifications were made, was provided by the Great Lakes
Environmental Research Laboratory (GLERL).
The initial procedure followed took approximately six to seven hours to complete.
The initial procedure, as previously mentioned, consisted of two portions: DNA
Extraction and Qiagen Plant Kit.
DNA Extraction
If the DNA to be extracted originated from a cell culture, the supernatant was
removed from the samples. If the sample was on a filter, not suspended in supernatant,
the filter was cut and placed in a 1.5-mL screw cap vial. After the supernatant was
removed or the filter placed in the vial, 1.0-mL of DNAzol ES (Molecular Research
Center, Cincinnati, OH, #DN128) was added via micropipette. The vial was then capped
and vortexed for 30 seconds. The tubes were incubated in a 90ºC hot water bath for one
hour, vortexing for 30 seconds every 20 minutes. At the end of the hour, approximately

0.3 g of pre-washed glass beads were added to the tubes, which were then vortexed for
three minutes. The tubes were re-submerged in the 90ºC hot water bath for two hours,
and vortexed every 20 minutes for 30 seconds. An aliquot of 0.750-mL of the tubes’
solution was transferred to a new screw cap vial via micropipette. To these new tubes,
the same volume (0.750-mL) of chloroform (Fisher Chemical C574-1) was added. The
tubes were allowed to sit for five minutes and then centrifuged for 10 minutes at top
speed (12X). The top aqueous layer was removed using Pasteur pipettes and transferred
to a new screw cap vial. The chloroform extraction was repeated.
After transferring the upper layer to a new vial, 0.75x of the tubes’ total volume
of 100% ethanol was added and the solution was inverted to mix. The mixture sat for
five minutes, then spun for four minutes at a speed of 6.5X. The supernatant was
removed and discarded. The pellet that had formed at the bottom was resuspended in 150
µL of nuclease free water and placed in the freezer to sit overnight.
Qiagen Plant Kit (DNeasy Plant kit, Qiagen, Valencia, CA, #69104)
The tubes were removed from the freezer and were left to thaw. Once the
solutions were in the liquid phase, 400 µL of Buffer AP1 (#42465205 – lysis) and 3 µL
of RNase A (100mg/mL – laboratory stock) were added via micropipette and vortexed
for 20 seconds. The tubes were placed in a 65ºC hot water bath for ten minutes and were
vortexed occasionally. Next, 179 µL of buffer AP2 (#42461437 – precipitation) was
added and incubated in the freezer at -20ºC for ten minutes. The tubes were centrifuged
at maximum speed (12X) for 15 minutes and the supernatant was removed to a new
screw cap vial.

One and a half times the total volume contained in the tubes was added of the
Buffer AP3/EtOH (990 µL) to the tubes and the solution was mixed by pipetting. This
solution was added, in portions, to a spin column and centrifuged for one minute at 8X.
The filtrate was discarded and the process was repeated until all of the lysate had been
run through the column. To the column, 500 µL of Buffer AW (#42464068 – wash; 70%
ethanol diluted with TE) was added and spun for one minute at 8X. The filtrate was
discarded and the process was repeated. The column was centrifuged for two minutes at
14X to remove all traces of ethanol. The column itself was placed in a new tube and the
old tube was discarded. Then, 50 µL of nuclease free water, which had been preheated to
65ºC, was added to the column. The column sat for five minutes and then spun for one
minute at 8X. The extracts were then stored in the freezer at -20ºC until used.
DNA Oligonucleotide Concentration Determination
In order to prepare the DNA extracts for the polymerase chain reaction, the exact
concentrations of the oligonucleotides used needed to be known. To determine these
concentrations, a UV-VIS spectrophotometer was used to measure the absorbencies of
the oligonucleotides. To prepare the samples for spectrophotometric reading, a solution
of oligonucleotide and nuclease free water was made. Throughout the course of this
research, the volumes of each component varied, depending on the absorbencies
obtained. The exact volumes used to determine the oligonucleotide concentration are
shown in Table 1.

Table 1: Oligonucleotide Solution Preparation Volumes

Set-up
1
2
3

Volume of
Oligonucleotide
(µL)
3
2
4

Volume of
NucleaseFree Water
(µL)
97
98
196

The volumes changed because it was observed that 100 µL was too small of a
volume to obtain a proper reading. Once the oligonucleotide solutions were prepared, the
spectrophotometer was set to 260 nm and the base-line established. The absorbances of
the oligonucleotide solutions were measured by pouring a portion into a quartz cuvette
and recording the reading generated. Between each reading, distilled water served as the
blank. These absorbance readings were entered into the Beer’s law equation so as to
determine the concentration of the solution inside the prepared solutions. Accounting for
the appropriate dilution, the final concentration of the oligonucleotide was determined.
From these values, 50-µL stock solutions with a concentration of 20 µM of each
oligonucleotide were prepared.
Polymerase Chain Reaction Set-up
To prepare the extracted DNA samples for a PCR run, a number of steps had to be
completed. The components in each PCR tube are listed in Table 2.

Table 2: PCR Preparation: Components, Volumes and Concentration
Component
5x Green or Colorless
GoTaq Reaction Buffer
dNTP Mix, 10mM each
Forward Primer
Reverse Primer
GoTaq Polymerase
Template DNA
Nuclease Free Water
Total Volume = 50µL

Final Volume (µL)
10
1
X
X
0.25
X
X

Final
Concentration
1*(1.5mM
MgCl2)
0.2mM each
dNTP
1.0µM
1.0µM
1.25U
0.5µg
N/A

An X in the table corresponds to a value depending on the concentration of the stock
solution used. The amount of nuclease free water in the tube depends on the volumes of
the other components.
The oligonucleotides that were prepared earlier served as the forward and reverse
primers in the PCR tubes. The oligonucleotides used in the research are listed in Fig. 4.

Fig. 4: Oligonucleotides Used in Polymerase Chain Reactions (4)
As Fig. 4 shows, the oligonucleotides used as the forward and reverse primers came in
pairs. This figure includes the gene the oligonucleotides detected, the pair of
oligonucleotides, the sequence and the number of base pairs (bp) of the resultant PCR

product. Note that the mcyD and the mcyB fragment lengths are close to one another in
size.
In order to prepare the dNTP mix, each of the DNA base pairs, adenine, guanine,
cytosine and thymine (A, G, C and T) and nuclease free water were used. The volumes
of each component used are shown in Table 3.

Component
dATP
dGTP
dCTP
dTTP
Nuclease Free Water

Table 3: dNTP Mix Preparation
Original Concentration (mM)
100
100
100
100
N/A
Total Volume dNTP mix = 100µL

Volume (µL)
10
10
10
10
60

Polymerase Chain Reaction Run
Into a various number of PCR tubes, depending on the amount of DNA sample,
the components of Table 2 were added and the tubes vortexed to mix. Finally, the tubes
were centrifuged at the speed of 8X in order to collect the solutions at the bottom. The
tubes were placed into the PCR instrument and run under a specific set of conditions,
depending on the experimenter’s objectives. The two separate PCR run conditions are
shown in Table 4.

Table 4: Conditions for PCR run: mcyD & pcy

Ramp Speed (rpm)
Hold Time
Hold Temperature (°C)
Number of Cycles
Step 1 Time
Step 1 Temperature (°C)
Step 2 Time
Step 2 Temperature (°C)
Step 3 Time
Step 3 Temperature (°C)
Hold Time
Hold Temperature (°C)
Final Hold Time
Final Hold Temperature (°C)

mcy D Conditions
9700 (max)
5 minutes
94
50
30 seconds
94
59 seconds
56
40 seconds
72
7 minutes
72
Varied
4

pcy Conditions
9700 (max)
5 minutes
94
30
10 seconds
94
20 seconds
50
40 seconds
72
7 minutes
72
Varied
4

The samples run in this research were done under conditions for the mcy D gene.
Agarose Gel Preparation & Electrophoresis
In order to visualize the products of the PCR run, a volume of the amplified
samples are run on an agarose gel. Throughout the course of this research, a 1.5%
agarose gel was used. To prepare this gel, 1.5-g of agarose (EKV2Q1 – GibcoBrl) was
weighed out and dissolved in 100-mL of 1X TAE Buffer. To fully dissolve the agarose
powder, the mixture was microwaved and stirred with a magnetic stir bar for 10 minutes
to cool. It was necessary to stain the gel prior to the electrophoresis run. To do so, 15 µL
of Ethidium Bromide (laboratory stock) were added and mixed during the cooling
process. Once the solution had cooled, it was poured into a gel cast in order to make
wells to load the samples for electrophoresis. The gel sat for 15-20 minutes or until it
solidified. Next, the gel was removed from its cast and placed into the electrophoresis
chamber and submerged in 1X TAE buffer. The gel was now ready to load the
appropriate samples.

If the Colorless GoTaq Reaction Buffer was used (see Table 2), the PCR run
samples would require dye to further visualize their products on the gel. To achieve this,
2 µL of laboratory stock dye was added, vortexed and centrifuged. Depending on the
depth of the wells, 2-7µL of each sample was loaded, using a micropipette, onto the gel.
In order to determine the relative size of the PCR products, a DNA ladder was also
loaded onto the gel. After loading all samples and the DNA ladder, the electrophoresis
chamber was closed and set-up to the voltage supply. The gel electrophoresis ran for
approximately 45-60 minutes at 84V. At the end of the run, the power was shut off, the
gel removed and viewed under a black light in order to see the PCR products.
Procedural Changes
As the research progressed, small changes were made to the procedure based on
observations made by the experimenter. The changes made were done only so in the
DNA extraction and Qiagen Plant Kit phase. After adding 0.3g of glass beads to the
sample tubes, the time of heating at 90°C was lowered from two hours to one. The tubes
were still vortexed every 20 minutes. At the end of the hour, the tubes were no longer
vortexed for an additional three minutes.
At times, the amount of sample contained in the tubes after the addition of the
glass beads, heating and vortexing did not allow for the removal of 0.750-mL for the
chloroform extraction. To solve this problem, only 0.500-mL of the sample was removed
to a new tube. The volume of chloroform used in the extractions was adjusted to match
that of the sample volume (0.500-mL). Finally, in the Qiagen Plant Kit portion of the
procedure, the volume of AP2 Buffer was lowered from 179-µL to 130-µL.

Results
Throughout the course of the semester, multiple DNA extractions, PCRs, and gel
electrophoreses were obtained. The data collected for this research came from the
visualization of PCR products on agarose gels. In order to aid in the identification of
DNA fragments, a DNA ladder was used. The ladder provided fragment lengths of a
known number of base pairs (bp). That served as a basis of comparison for generated
fragments. A picture of the DNA ladder generated from a gel electrophoresis run is
shown in Fig. 5.

Fig. 5: Gel Electrophoresis of DNA Ladder
The DNA ladder generated multiple bands. As seen in Fig. 5, bright, thick bands are
evident at 2072bp, 1500bp and 600bp; these bright bands allow orientation so that the
size of the PCR bands can be easily determined.

In order to determine whether or not the samples from Ford Lake contained
specific genes, control runs were conducted on two separate strains of cyanobacteria:
B2663 and LB2386. As stated earlier, the B2663 cyanobacteria contain the genes
responsible for producing the toxic microcystin peptide, whereas the LB2386 strain does
not contain any microcystin genes. Three separate control runs were conducted on the
control cyanobacteria, each run corresponding to a gene of interest: PCY, mcyD, and
mcyB.
The phycocyanin gene was characterized in samples and controls visualized, and
the resultant fragments are shown in Fig. 6.

→
600bp

Fig. 6: PCR amplification of LB2386 and B2663 cyanobacteria DNA using
phycocyanin primers. The lanes, from left to right, contained PCR reactions with DNA
from (1) LB2386, (2) B2663, (7) DNA ladder.

In this gel, only lanes 1, 2 and 7 were examined. The expected product from this reaction
was a 688bp fragment. The bright fragment in lane 7 corresponds to a size of 600bp.
Note that the bands visualized in lanes one and two appeared above the 600bp fragment.
The next control run conducted was for the mcyD gene. The mcyD is used to
indicate the presence of microcystis genes. Its detection does not mean that this
cyanobacterium produces the toxin microcystin. The resultant gel electrophoresis run for
the mcyD control is shown in Fig. 7.

DNA ladder

600
bp

B

LB

B LB

Fig.7. mcyD Primers from PCR amplification of LB2386 and B2663 cyanobacteria.
The expected size of the DNA fragment to be produced was 298bp. The first lane from
the left contained the DNA ladder. Although it appears to be blurred in the figure, a
thicker band is noticeable. This band is labeled as the 600bp fragment. The second lane

contained the B2663 cyanobacteria and produced a single band. The third lane contained
the LB2863 cyanobacteria and produced no visible band. Note that the fragment
visualized in the second lane falls below the 600bp fragment.
The third and final control run conducted was for mcyB. A positive detection of
the mcyB gene indicated the presence of the microcystis strain and the production of the
toxin. The resultant gel electrophoresis run of this control is shown in Figure 8.

Fig. 8. PCR amplification of LB2386 and B2663 cyanobacteria with mcyB primers
The resultant gel of Fig. 8 shows three wells that contained the DNA ladder, LB2386 and
B2663. The expected fragment size produced from mcy B was 320bp. The DNA ladder
was contained in lane one. Once again, the 600bp fragment was visualized as a bright

band. Lanes two and three did not produce any visible fragments of DNA. Note time did
not permit for further control runs for the mcyB gene.
After analyzing the polymerase chain reactions for the phycocyanin gene that is
seen in all cyanobacteria and the microcystin D and B genes that are seen only in the
Microcystis strains, the research turned to the detection of genes in unknown DNA
samples collected from Ford Lake. The samples obtained from Ford Lake were treated in
the same manner as the controls. The research sought to determine whether or not the
genes for pcy (phycocyanin), mcyD (microcystin D) and mcyB (microcystin B) were
present in collected samples. The Ford Lake samples were obtained in August 2006 and
September 2008 by a CSIE class.
The agarose gels shown were in Figures 9 through 11 of the August 2008
samples. Three areas of the lake served as collection points for the samples: the boat
dock (BD), the surface (Surf) and at a depth of 8 meters (8M). The first electrophoresis
run was to detect the presence of the PCY gene. The results of this run are shown in Fig.
9.

Fig. 9: PCR amplification of DNA from August 2008 Ford Lake samples using PCY
primers.
As shown in Fig. 9, lane one contained the DNA ladder and multiple bands were
visualized, including the br
brighter
ighter band at 600bp. Lane two contained the sample from the
boat dock (BD). In this lane, a single band is visible slightly above the known fragment
of 600bp. Lanes three and four contained the 8M sample and Surf sample in their wells
respectively. However,
wever, in both lanes, any fragments failed to visualize.
The second gel run conducted was done to detect whether or not the gene mcyD
was present in the August 2008 samples. The resultant gel is shown in Fig. 10.

Fig. 10. PCR amplification of DNA from August 2008 Ford Lake Samples using mcyD
primers.
As shown in Fig. 10, the DNA ladder was contained in the first lane, and as usual,
multiple bands were visualized, including the 600bp fragment. Lanes two, three and four
contained the BD, 8M and Surf samples respectively. As shown in Fig. 10,
10 all three lanes
contained one band in what app
appears to be the same location on the gel.
The final electrophoresis run conducted on the August 2008 samples was to
determine whether or not the samples contained the gene, mcyB.
B. The resultant gel
electrophoresis is shown in Fig. 11.

Fig.11. PCR Amplification
fication of DNA from August 2008 Ford Lake Samples with mcyB
primers.
The gel produced shown in Fig. 11 contained the same Ford Lake samples as the other
two gel runs. Lane one contained the DNA ladder and visualized multiple bands,
including the 600bp fragment.
agment. Lanes two, three and four contained the BD, 8M and Surf
samples collected in August 2008. In each lane a thick, bright band was visualized in the
same area on the gel.
Besides the gel electrophoresis runs conducted on the August 2008 samples, runs
were also performed on the samples collected in August 2006. Samples gathered were
grouped into two categories, A and B. Category A contained cultured LB strain samples
and B consisted of samples collected from Ford Lake. The first run that contained
contain the
August 2006 samples was conducted to determine whether or not the gene,
gene PCY was
present. The resultant gels are shown in Fig. 12a and 12b.

Fig. 12a and 12b: PCR Amplification of DNA from August 2006 Ford Lake Samples
with PCY primers
Fig. 12a (left) contained four samples from 2006 as well as the DNA ladder. Lane one
contained a LB cultured sample (3A), but yielded no visible bands. Lane two held a
sample from Ford Lake (3B) and produced one bright band. Lane three contained
another LB cultured sample (2A), but once again, no bands were visualized. Lane four
contained another Ford Lake sample (2B) and also produced a bright band in the same
area of the gel as that of 3B did. In lane five was the DNA ladder and multiple bands
were visualized, including the 600bp fragment. Lane one of Fig. 12b contained a Ford
Lake DNA sample (1B). Like the other B samples, a single band was successfully
visualized. Lane two held a LB cultured sample (1A), but no PCR product was
visualized on the gel. The third lane of the gel contained the DNA ladder, which like the
other ladders, generated the 600bp fragment. Note that all of the visualized bands that

appeared on the gels of Fig. 12a and 12b were higher than the 600bp fragment of the
ladder.
The second PCR analysis served as a determination of whether or not the samples
contained the mcyD gene. The resultant gel is shown in Fig. 13.

Fig. 13. PCR Amplification of DNA from August 2006 Ford Lake Samples with mcy B
primers.
The gel shown in Fig. 13 contained three DNA samples as well as the DNA ladder. The
ladder was contained and visualized in lane one. Once again, the bright mark of the
600bp fragment was shown. Lane two contained no samples. Lanes three, four and five
contain the 1B, 2B and 3B samples of DNA (the same samples ran in Fig. 12a and 12b).
In each of these lanes, one faint band is visualized on the same area of the gel, all below
the 600bp mark of the ladder. Only the B samples were ran and not the A samples

because earlier experiments established that the LB samples would not visualize for mcy
D and mcy B.
The final agarose gel run performed on the 2006 samples was done in order to
determine whether or not the samples contained the mcyB gene. The gel produced that
included these samples is shown in Fig. 14.

Fig. 14. PCR Amplification of DNA from August 2006 Ford Lake Samples with mcyB
primers.
The gel shown in Fig. 14 contained the same samples as those run in Fig. 13. Lane one
contained the ladder and visualized multiple bands. Lane two once again contained no
samples. Lanes three, four and five contained the Ford Lake DNA samples used
previously (1B, 2B and 3B). However, in all three of the lanes, no bands were visualized.

Discussion
The data gathered from the gel electrophoresis runs of the control and sample
DNA revealed a great deal of information about the procedure as well as the
cyanobacteria present in Ford Lake. The runs conducted on the control samples of DNA
generally provided the expected results. As stated previously, the PCY gene is present in
all forms of cyanobacteria. Samples for B2663 and LB 2386 both produced a single band
with PCY primers, ones that were located just slightly above the 600bp fragment of the
ladder. The oligonucleotides for the PCY gene were anticipated to yield a fragment of
688bp. This fragment corresponded to the bands that appeared on the gel, which
indicated that both strains contain the PCY gene.
As stated before, of the two control cyanobacterial strains, only the B2663 strain
should contain the mcy D gene. The LB2386 strain was supposed to be a
cyanobacterium, without any toxin producing capabilities, and so the lack of a PCR band
in the lane containing the LB strain was consistent with the expected results.

The PCR

band appeared on the gel much lower than the 600bp fragment of the DNA ladder, and
corresponded to the 298bp fragment length that was expected for the mcy D gene
product. The band’s presence in only the lane containing the toxin producing strain
furthered the belief that the B2663 strain contained the mcy D gene.
In contrast to previous results, the use of the mcyB primer set with the LB and B
strains produced no discernible bands on the gel. Whereas the lack of bands in the lane
containing the LB2386 strain would agree with the fact that this strain did not contain the
microcystin-producing bacteria, it does not apply to the B2336 strain, which does contain

the mcyB gene. This occurrence may be explained by the fact that there were insufficient
quantities of DNA to attempt this reaction, or to the fact that the oligonucleotides used in
the reaction may have not been properly prepared.
The data collected and analyzed from the control samples allowed for
comparisons to be drawn from the unknown samples. The samples collected from both
August 2006 and 2008 provided information relating to the Ford Lake samples. The
sample collected from the boat dock area in 2008 produced a fragment that corresponded
to the PCY gene, as shown in Figure 9; the same can be said for most of the 2006
samples.
All three of the 2008 samples produced fragments of the appropriate length for
both the mcyD and mcyB genes. As shown in Fig. 10 and 11, all three samples (1B, 2B
and 3B) produced fragments of the expected base pair length, 298bp and 320bp
respectively. This consistency is also displayed for the August 2006 samples in the case
of the mcyD gene. All three samples analyzed produced the appropriately sized DNA
fragment. However, this did not carry over to the mcyB samples. This might be able to
be attributed to the fact that the PCR conditions used were for the mcyD gene.
Conclusions
DNA isolated using the DNAzol/Qiagen Plant Kit provides DNA from LB2386 or
microcystin-producing B2663 of sufficient purity to be used in the polymerase chain
reaction with PCY or mcyD (but not mcy B) primers used in the present study. The PCR
conditions for amplification of DNA need to be modified to consistently identify the PCY
and mcyD genes in samples obtained from Ford Lake. For example, all 2006 Ford Lake

samples that were positive for PCY gene were also positive for mcyD gene. On the other
hand, all 2008 Ford Lake samples were positive for the mcyD gene, but only two-thirds
of these samples were positive for PCY gene. Since the PCY gene was not always
consistently identified, another gene could be used to serve as an indicator of
cyanobacteria. The method used in this year of research provided inconsistent results,
which could be tied to a number of reasons. In the future, more research and work needs
to be conducted with the modifications suggested in the attempt to more consistently
achieve results. However, the data gathered suggest that Microcystis is present in Ford
Lake, but it cannot be said with absolute certainty.
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